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Electronic design automation systems , methods , and media 
are presented for clock gate placement with data path 
awareness . One embodiment involves accessing a circuit 
design with a clock tree , clock gates , and an initial move 
ment area . A set of positions for a set of data path connection 
points associated with the data routing lines are identified , 
along with an expansion direction from the initial placement 
position toward the set of positions for the set of data path 
connection points , and the initial movement is expanded to 
consider additional placement options for the clock gate 
based on the data path connection points . 
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CLOCK GATE PLACEMENT WITH DATA complex elements of circuit design is the generation of 
PATH AWARENESS routing trees that convey a signal from a signal origin , or 

source , to a signal destination , or sink . A clock tree , for 
TECHNICAL FIELD example , has a clock source and can be attached to any 

5 number of destination sinks ( e.g. from a few sinks to tens of 
Embodiments described herein relate to electronic design thousands of sinks or more ) . Clock gating is a technique 

automation ( EDA ) , and to systems , methods , devices , and used in many synchronous circuits for reducing dynamic 
instructions to perform clock gating with design selection of power dissipation by adding logic to a circuit to prune the 
delay and power dimensions as part of design , verification , clock tree . This disables portions of the clock circuitry so 
and generation of circuit designs . 10 that the flip - flop elements in them do not have to switch 

states , thus reducing power usage . Clock gates ( e.g. inte 
BACKGROUND grated clock gate circuits or cells ) that perform this gating 

include connections to the data path being distributed by the 
Electronic design automation ( EDA ) is a category of clock tree , as well as being part of the clock tree ( e.g. part 

systems for assisting with the design of electronic systems 15 of the clock path for the clock distributed by the clock tree ) . 
and devices . Large , integrated circuit designs are often During CTS , the placement of clock gates in a physical 
assembled from previously designed blocks or generic layout includes operations to improve clock timing and 
designs which may include various combinations of ele- reduce both clock and data path wirelengths . Embodiments 
ments . This enables reduced turnaround times for generation described herein include operations for efficient selection of 
of an integrated circuit . Cells are blocks within a design that 20 clock gate placement to balance EDA resource usage in 
can be replicated . Clock tree synthesis ( CTS ) is a process of reducing wirelength against improved performance of the 
designing routing structures to deliver a clock signal to resulting circuit design . Embodiments improve the operation 
elements of a synchronous circuit . Schematic and layout of EDA computing device by reducing the processing 
information for such block portions of a design may be resources to achieve a solution to clock gate placement 
exchanged or licensed as intellectual property . During 25 while maintaining or improving the performance of the 
design of a specific circuit , large numbers of combinations resulting circuit design . These improvements are achieved 
of different variables that go into a design may require by expanding an area that is considered for clock gate 
significant resources to verify that all acceptable combina- placement around an initial placement location in the direc 
tions will function properly . tion of a data path enable pin connection of the clock gate 

30 circuit , and using a limited number of test or sample points 
BRIEF DESCRIPTION OF THE DRAWINGS along the data and clock routes to check for improvements 

in circuit design delay performance ( e.g. a reduction in total 
Various ones of the appended drawings merely illustrate wirelength ) . 

example embodiments of the present disclosure and should FIG . 1 is a diagram illustrating one possible design 
not be considered as limiting its scope . 35 process flow which includes elements for clock gate place 
FIG . 1 is a diagram illustrating one possible design ment with data path awareness as part of a circuit design 

process flow for generating a circuit including embodiments process flow . It will be apparent that other design flow 
to meet timing constraints according to some embodiments . operations can function using such multi - dimension clock 
FIG . 2 illustrates an example clock gate circuit for use in gate design as described herein , but design flow 100 is 

accordance with some embodiments . 40 described here for the purposes of illustration . As illustrated , 
FIG . 3A illustrates aspects of clock gate placement in a the overall design flow 100 includes a design phase 110 , 

circuit design in accordance with some embodiments . device fabrication phase 120 , a design verification phase 
FIG . 3B illustrates aspects of clock gate placement with 130 , and a device verification phase 140. The design phase 

data path awareness in a circuit design in accordance with 110 involves an initial design input operation 101 where the 
some embodiments . 45 basic elements and functionality of a device are determined , 
FIG . 4 is a flow diagram for clock gate placement with as well as revisions based on various analyses and optimi 

data path awareness in a circuit design in accordance with zation of a circuit design . This design input operation 101 is 
some embodiments . where initial layouts for a clock tree structure and associated 
FIG . 5 describes a method of clock gate placement with sinks and clock gates are generated , before adjustments are 

data path awareness in a circuit design in accordance with 50 made to ensure that timing requirements are met as well as 
some embodiments . additional revisions to improve device performance . The 
FIG . 6 is a block diagram illustrating an example of a initial strategy , tactics , and context for the device to be 

software architecture that may be operating on an EDA created are also generated in the design input operation 101 , 
computer and used with methods for routing tree generation depending on the particular design algorithm to be used . 
to update a circuit design , according to some example 55 In some embodiments , following an initial selection of 
embodiments . design values in design input operation 101 , a routing tree 
FIG . 7 is a diagrammatic representation of a machine in may be generated , in accordance with various embodiments 

the form of a computer system within which a set of described herein , during optimization operation 111 or lay 
instructions are executed , causing the machine to perform out instance 112 , along with any other automated design 
any one or more of the methodologies discussed herein , 60 processes . As described below , design constraints for a 
according to some example embodiments . routing tree structure , sinks which receive a signal from the 

routing tree structure , and initial clock gate placement , may 
DETAILED DESCRIPTION be initiated with design inputs in design input operation 101 , 

and then may be analyzed and optimized using operations 
Embodiments described herein relate to EDA and to 65 described herein according to various embodiments . While 

methods , computer media , and devices used for analyzing , design flow 100 shows such optimization occurring prior to 
optimizing , and creating electronic circuits . One of the many layout instance 112 , updates to a routing tree may be 

a 
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performed at any time to improve expected operation of a path routing lines ignored . Additionally , an initial placement 
circuit design . For example , in various embodiments , con- can be set for clock gates before CTS optimization opera 
straints for blocks in a circuit design may be generated prior tions as described herein are implemented . Circuit design 
to routing of connections in a circuit design , after routing , 300 of FIG . 3A shows clock gate 310 in an initial placement 
during register transfer level ( RTL ) operations , or as part of 5 positions as clock gate 310A . Subsequent optimizations 
a final signoff optimization or verification prior to a device during CTS as described herein assume that the initial 
fabrication operation 122. Certain embodiments of opera- placement position ( e.g. as illustrated by the placement of 
tions described herein for generating or updating a routing clock gate 310A ) are in a position where large movements 
tree structure , including updating clock gate placement to are not preferred . This is both because of the procedures in 
reduce wirelength , can therefore involve iterations of design 10 the initial placement and to prevent cascading complexity as 
input operation 101 , optimization operation 111 , and layout large movements of a clock gate can have impacts up and 
instance 112 generation . In other systems , other design down the clock tree and the data path . Because of this , a 
processes may be used . movement area 302 is defined as a small region for adjust 

After design inputs are used in design input operation 101 ments of a clock gate position . The movement area 302 is 
to generate a circuit layout , and any optimization operations 15 sufficiently small that it is unlikely to have large impacts 
111 are performed , a layout is generated in layout instance through the clock tree and circuit design , but large enough 
112. The layout describes the physical layout dimensions of to allow shortening of routes to clock gate 310 which can 
the device that match the design inputs . This layout may then improve timing performance . Particularly in high perfor 
be used in a device fabrication operation 122 to generate a mance designs , small improvements such as shortened route 
device , or additional testing and design updates may be 20 lines can result in valuable incremental improvements . In 
performed using designer inputs or automated updates based some embodiments , movement area 302 is a Manhattan ball 
on the design simulation 132 operations or extraction , 3D ( e.g. a boundary defined by equal rectilinear distances from 
( three - dimensional ) modeling , and analysis 144 operations . a center or a boundary defined by equal steps in a Manhattan 
Once the device is generated , the device can be tested as part geometry space from the center position where clock gate 
of device test 142 operations , and layout modifications 25 310A is located ) . 
generated based on actual device performance . As shown in FIG . 3A , clock gate 310 includes a clock 

Design updates 136 from design simulation 132 , design input 312 , a clock output 314 , and an enable pin 320 , similar 
updates 146 from device test 142 or extraction , 3D model- to the elements of clock gate circuit 210 of FIG . 2. As clock 
ing , and analysis 144 operations , or direct design input gate 310 is moved to different positions , such as the position 
operation 101 may occur after an initial layout instance 112 30 of clock gate 310B ( after removing the version 310A from 
is generated . In various embodiments , whenever design the circuit design ) the routes 313 , 315 , and 321 connected to 
inputs are used to update or change an aspect of a circuit the respective pins of clock gate 310 ( e.g. clock input 312 , 
design , a timing analysis and optimization operation 111 clock output 31 and clock enable 320 ) the lengths of the 
may be performed . wires for routes 313 , 315 , and 321 change . If routes 313 , 

FIG . 2 illustrates an example clock gate circuit 210 for use 35 315 , and 321 all run in the same direction as shown in FIG . 
in accordance with some embodiments . Illustrated clock 3A , then moving the clock gate 310 from the position show 
gate circuit 210 includes a clock input 212 , a clock output for clock gate 310A to the position for clock gate 320B , then 
214 , and a clock enable 220. Within a circuit design , clock the total wirelength for routes 313 , 321 , and 315 will be 
gates are special cells due to their routing connections to reduced , providing an improvement to the circuit design . 
both the clock net and the data path net . The clock enable 40 The initial movement area 302 defines the limits of 
220 pin on clock gate circuit 220 controls whether the clock positions that are considered for placement of clock gate 310 
is output at clock output 214. When the clock enable 220 is to assess wire length reduction or other benefits . In initial 
selected ( e.g. on ) , then the clock signal is passed through movement area can be defined based on a rule , or selected 
from clock input 212 to clock output 214 , and when the as a defined shape by an input from a circuit designer . In one 
clock enable 220 is not selected ( e.g. off ) , then the clock 45 embodiment , the initial movement area is defined as a 
signal is not output from clock output 214 ( e.g. no signal is Manhattan ball that is a fixed number of steps in the routing 
output from clock output 214 ) . Clock gate circuit 210 thus grid away from an initial placement position for the clock 
functions as a switch to turn off parts of a circuit . This allows gate . For example , if an initial placement position has 
lower power use by conserving power when parts of a circuit coordinates of ( 0,0 ) , and the initial movement area is defined 
in a circuit design are not in use . 50 by a border ten row heights from the initial placement 

During CTS , placement of the clock gate circuit 210 takes position , then the points ( 10,0 ) , ( 0,10 ) , ( -10,0 ) , and ( 0 , -10 ) 
up physical space and includes routing traces as part of a would define corner points of the initial movement area , 
clock tree and as part of a data path ( e.g. a data path with other points such as ( 9,1 ) , ( -5,5 ) , and ( 3 , -7 ) on the 
connection to clock enable 210 pin to identify when data is boundary lines between the corner points ) . In FIG . 3A , 
passing to relevant parts of the circuit design and when data 55 corner points 391-394 are example points of such an initial 
is not passing to the relevant parts of the design so that those movement area . In other embodiments , other shapes can be 
parts can be turned off to conserve power ) . arbitrarily defined , or other rules can be used , including rules 
FIG . 3A illustrates aspects of clock gate 310 placement in based on other elements or existing routes within a nearby 

a circuit design 300 in accordance with some embodiments . area close to the initial placement position in the circuit 
As described above , clock gate circuits such as clock gate 60 design . In such embodiments , the initial movement area can 
310 include connections to both clock and data paths . shrink if other elements are close and blocking placement of 
Because other parts of the clock tree do not have this data the clock gate , or grow if few elements are blocking place 
path connection ( e.g. buffers and inverters ) , the process for ment of the clock gate . In further embodiment , any such 
reducing routing length in the other parts of the clock tree rules or designer inputs can be used to select an initial 
only consider clock routing lines . Because of this , clock 65 movement area for a clock gate , and different clock gates 
gates are often optimized in a similar fashion during CTS , within a circuit design can thus either share a similar 
with the clock path routing lines considered , and the data movement area around the initial placement point for a 
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particular clock gate , or have an initial movement area that shifted , with the new corner 397 connected to the initial 
is modified or customized based on the surrounding details corner 392 , and the new corner 396 connected to the old 
of the initial placement point for a particular clock gate . corner 393 after the expansion , and corner 391 replaced by 

During CTS , as clock cells such as clock gate 310 are corner 395. In other embodiments , other shifts or transfor 
moved , the CTS operations reconnect clock path wires , and 5 mations can be used to expand initial movement area 302 
retime and remeasure the transitions and delays in the clock into an extended movement area 303 . 
path . The data path , however , is not subject to such mea- Additionally , the size of the expansion can be determined 
surements during CTS . As described above , this contributes in different ways in different embodiments . As described 
to the focus on clock routes during clock gate placement , as above , positions 330 are for data path connection points to 
measurement and analysis of the data path would be com- 10 be routed to a clock enable 320 pin of clock gate 310 , 
putationally prohibitive . In some situations , however , the regardless of a position of the clock gate 310 ( e.g. place 
movement area 302 does not include positions that could ments for clock gate 310A , 310B , and 310C ) . In one 
provide improvements to the circuit design associated with embodiment , an average points 333 for the set of positions 
the data path . Embodiments described herein provide a 330 is calculated . The expansion direction 305 can be 
targeted expansion to movement area 302 to accommodate 15 defined as a direction or vector from an initial placement 
possible clock gate placements with improved performance position of clock gate 310 toward the average position 333 . 
due to data path considerations . In other embodiments , the expansion direction 305 is only 
FIG . 3B illustrates aspects of clock gate 310 placement along a primary direction which is defined as a direction 

with data path awareness in a circuit design in accordance ( e.g. horizontal or vertical ) in the Manhattan grid for the 
with some embodiments . In order to take advantage of 20 circuit design in which the average position is further from 
additional wire length reduction possibilities that are outside the initial placement point . For example , in FIG . 3B , average 
of an initial movement area 302 , which is primarily based on position 333 is on the same column as the initial placement 
expected improvements for clock path connections , embodi- of clock gate 310. In some embodiments , the expansion 
ments described herein consider additional placement posi- direction could be along the vertical column even if the 
tions in an expanded movement area 303 which is created 25 average position was off center from the column of the initial 
based on data path routes connected to clock enable 320. In placement position , so long as the offset is less than the 
addition to showing an initial placement of clock gate 310 as distance . For example , of the average position were near 
clock gate 310A , circuit design 301 shows clock gate 310C corner 392 , the expansion direction could be defined as a 
in a placement position outside the initial movement area horizontal direction from the initial placement position 
302. The extended movement area 303 , which includes both 30 toward corner 392. In other embodiments , the expansion 
the initial movement area 302 as well as an additional area , direction 305 can be diagonal . Once the expansion direction 
is generated based on the data path routes . In FIG . 3B , a set 305 is identified , the amount of the expansion can be defined 
of positions 330 for a set of data path connection points are or determined in various ways . For example , in some 
shown , and the expansion of the initial movement area to embodiments , the extended movement area 303 can be set as 
generate the extended movement area is generated based on 35 an as expansion a fixed number of steps along the Manhattan 
an expansion direction 305 from the initial placement point grid in the expansion direction , to limit the additional area 
of clock gate 310A toward the set of points associated with to be considered . In some embodiments , the extended move 
the data path connection points . By expanding the area ment area 303 is defined to touch or encompass the average 
considered for placement of the clock gate toward the data position , or a closest position any of the data path connection 
path connection points , CTS analysis is able to consider 40 points to the initial placement point . In other embodiments , 
routings that consider the length of data path connections to any such rules or user defined shapes or considerations for 
a clock gate without a full analysis of the data path , which expanding the area considered for clock gate placement can 
would be resource intensive and computationally prohibi- be selected , based the use of processing resources to con 
tive . By expanding the initial movement area in the expan- sider the additional area , and the potential for performance 
sion direction toward the data path connection points , a 45 improvements based on a placement of the clock gate . 
limited number of placement positions can be analyzed and FIG . 4 is a flow diagram of a method 400 for clock gate 
selected in a resource efficient manner . For example , once placement with data path awareness in a circuit design in 
the extended movement area is defined , a subset of points accordance with some embodiments . As described above , 
within the extended movement area can be analyzed to during a design flow ( e.g. design flow 100 ) for a circuit 
determine a preferred updated placement position for the 50 design , an initial placements for clock gates in the circuit 
clock gate ( e.g. based on a total wirelength for connections design are selected during operation 402. Additionally , 
to the clock gate , delay performance , or other performance shapes , rules , or other criteria are determined during CTS for 
characteristics for each assessed placement position ) . Such an initial movement area for each clock gate to consider 
an analysis can select a final placement position based on a adjusting the initial placement of each clock gate to improve 
weighted score of performance criteria , design thresholds , or 55 circuit design performance in operation 404. Operations 402 
other such selection criteria . and 404 can both be performed by the same device as part 

In various embodiments , the expansion of the initial of CTS operations , or can be performed independently , with 
movement area toward the data path connection points can the relevant data provided to an EDA computing device 
be performed in different ways . In some embodiments , performing CTS . Then , during CTS operations to check 
points on a boundary of an initial movement area ( e.g. a 60 clock gate placements and consider new clock gate positions 
Manhattan ball ) away from the movement direction can be based on an awareness of improvements to data path con 
kept in place , with points toward the movement direction nections , a set of operations to check performance and 
shifted , and then connected to the initial parts of the bound- placement of some or all clock gates in the system is 
ary that remain in place . In the example of FIG . 3b , the performed . This begins with operation 406 to select a clock 
boundary lines between corners 392 , 394 , and 393 remain a 65 gate to be analyzed with clock gate placement updated based 
boundary for the extended movement area 303 , while the on data path awareness . FIG . 4 describes a loop to consider 
boundary lines between corners 392 , 391 , and 393 are clock gate placement from initial placement positions , but 
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such operations can be repeated in various ways and for routing lines from the first clock gate to the clock path and 
different parts of CTS in various loops throughout a design data routing lines from the first clock gate to the data path . 
flow . Many repetitions of various portions of such operations As described above , by selecting the area of possible new 
can be repeated as part of CTS operations . placement positions based both on the initial movement area 

Data path connections to the selected clock gate are as well as the data path connections , embodiments described 
identified in operation 408 , and in operation 410 , an herein improve the EDA design process and the resulting 
expanded movement area is generated based on the data path circuit design . 
connections for the selected clock gate . In some embodi- The method 500 then includes operation 506 identifying 
ments , as described above , this operation 410 can involve a set of positions for a set of data path connection points 
identifying an expansion direction and transforming or 10 associated with the data routing lines , and operation 508 
expanding the initial movement area ( e.g. the area including identifying an expansion direction from the initial placement 
points in a grid to be considered for a new clock gate position toward the set of positions for the set of data path 
placement ) based on the expansion direction . In other connection points . While method 500 identifies an expan 
embodiments , a designer selected boundary can be used sion direction , in other embodiments , the extended move 
( e.g. a boundary created by the data path connection point 15 ment area can be generated based on the expansion direction 
positions or an arbitrary shape defined by a user selection to without an explicit calculation of the expansion direction by 
consider points closer to the data path for the clock gate ) . an EDA computing device . Operation 510 then involves 
Once the expanded movement area is defined , then in expanding the initial movement area toward the expansion 

operation 412 various possible placement positions within direction , using the one or more hardware processors , to 
the expanded movement area can be analyzed to determine 20 generate an extended movement area , and in operation 512 , 
whether a new position for the clock gate will improve the extended movement area is used to analyze one or more 
performance . This can involve a sample or a directed set of placement positions in the extended movement area for 
placement positions in the extended movement area selected performance improvements ( e.g. clock gate placement based 
for analysis . For each selected placement position , and on the data path awareness to improve performance ) . This 
updated routing can be generated and analyzed for the 25 analysis can include both total wirelength for each position , 
connections to the clock gate , with a final placement position as well as any other design rule violations for a circuit 
selected that meets minimum design criteria and provides a design . In operation 512 , after analysis of the placement 
best overall performance ( e.g. a lowest total wirelength positions in the extended movement area , a final placement 
without creating design rule violations ) . These operations position is selected for the clock gate . 
can then proceed with some or all of the clock gates in the 30 In various embodiments , as described above , the initial 
circuit design in operation 414 , until all clock gates to have movement area is a Manhattan ball around the initial place 
a placement position analyzed based on data path connec- ment position for a routing grid of the circuit design . In some 
tions is complete . An updated circuit design or a set of EDA such embodiments , the Manhattan ball is an area defined by 
reporting data is then generated in operation 416 based on a border with each point of the border located a fixed number 
the updated clock gate positions for each analyzed clock 35 of lengths ( e.g. 10 row heights , 15 lengths , 16 lengths , etc. ) 
gate . from a central placement point of the initial placement 
FIG . 5 describes a method 500 of clock gate placement position for the clock gate . In some additional embodiments , 

with data path awareness in a circuit design in accordance identifying the expansion direction from the initial place 
with some embodiments . In some embodiments , method ment position toward the set of positions for the set of data 
500 is a method performed by an EDA computing device to 40 path connection points comprising calculating an average 
generate design files for a circuit design . In some embodi- position of the set of positions , and can also involve expand 
ments , method 500 is represented by instructions stored in a ing the initial movement area toward the expansion direction 
memory of an EDA computing device or in a non - transitory by expanding the initial movement area to include points in 
computer - readable medium , where the instructions cause the a placement grid of the circuit design closer to the average 
EDA computing device to perform method 500 when 45 position than points of the initial movement area . Similarly , 
executed by one or more processors . some embodiments can operate where the Manhattan ball 

Method 500 begins with operation 502 accessing , by one comprises four corners , each corner associated with a hori 
or more hardware processors ( e.g. processors 710 ) , a circuit zontal position and a vertical position in the placement grid 
design stored in memory . A circuit design according to such of the circuit design . 
an operation can include various different elements , but 50 In some embodiments , a transform can be used to trans 
includes data for a clock path for a clock tree , a data path , late some corner positions of an initial movement area to 
at least a first clock gate coupled to the clock path and the generate an extended movement area . For example , in one 
data path , and an initial placement position for the first clock embodiment , expanding the initial movement area toward 
gate . In various embodiments , a circuit design can include the expansion direction , using the one or more hardware 
any number of clock gates , along with information about the 55 processors , to generate the extended movement 
connections and routing paths for each clock gate . includes operations using the boundary points of the initial 
An initial movement area is then identified in operation movement area to determine boundary points of the 

504. As described above , the initial movement area can be extended movement area by the following operations . Iden 
a fixed area around the initial placement position for a tifying a first corner of the Manhattan ball closest to the 
particular clock gate ( e.g. a Manhattan ball with a boundary 60 average position , a second corner and a third corner of the 
a fixed number of steps from the initial placement point ) The Manhattan ball equidistant from the first corner on either 
initial movement area defines the limits of potential new side of the Manhattan ball , and a fourth corner opposite the 
positions to be analyzed for an impact on design perfor- first corner . Identifying a first coordinate of the average 
mance and adjusting the initial placement position for the position that is further away from the first corner in a first 
first clock gate to an updated placement position within the 65 dimension of the placement grid than a second coordinate of 
initial movement area . The performance impact includes the average position in a second dimension . Generating the 
performance associated with a total wirelength for clock extended movement area using the second corner , the third 

area 
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corner , the fourth corner , a fifth point with a first coordinate tems , and methods are used to fabricate devices based on the 
equal to a first coordinate of the average point and the updated circuit design . In some embodiments , this includes 
second coordinate equal to a second coordinate of the first generation of masks and the use of machinery for circuit 
corner , a sixth point with a second coordinate equal to a fabrication . In various implementations , files generated by 
second coordinate of the second corner and a first coordinate 5 embodiments described herein are used to create photolitho 
determined by shifting a first coordinate of a second corner graphic masks for lithography operations used to generate 
by an amount equal to a difference between the first coor- circuits according to a circuit design , where a pattern defined 
dinate of the first corner and the first coordinate of the fifth by the masks is used in applying a thin uniform layer of 
corner , and a sixth corner with a second coordinate equal to viscous liquid ( photo - resist ) on the wafer surface . The 
a second coordinate of the third corner and a first coordinate 10 photo - resist is hardened by baking and then selectively 
determined by shifting a first coordinate of a third corner by removed by projection of light through a reticle containing 
an amount equal to a difference between the first coordinate mask information . In some implementations , the files are 
of the first corner and the first coordinate of the fifth corner . further used for etching patterning , where unwanted material 
Such operations can be used , for example , to use corners from the surface of the wafer is removed according to details 
391-394 of initial placement area 394 to determine the 15 described in the design files , where a pattern of the photo 
corners 392-397 of extended placement area 303 . resist is transferred to the wafer by means of etching agents . 

Other embodiments can operate where expanding the In some embodiments , aspects of design files generated 
initial movement area toward the expansion direction gen- according to the operations described herein are used for 
erate the extended movement area , comprises shifting a first deposition operations , where films of the various materials 
corner of the Manhattan ball in a horizontal direction and a 20 are applied on the wafer . This may involve physical vapor 
second corner of the Manhattan ball in a vertical direction to deposition ( PVD ) , chemical vapor deposition ( CVD ) or any 
create the extended movement area as an updated area that such similar processes . Some embodiments may use files 
encompasses the average point . generated according to operations described herein for 

In some embodiments , rather than a rule defined area as chemical mechanical polishing , where a chemical slurry 
described above ( e.g. a Manhattan ball with a set distance 25 with etchant agents is used to planarize to the wafer surface , 
from an initial placement point ) , the initial movement area for oxidation where dry oxidation or wet oxidation mol 
is an area defined by a designer input . This designer defined ecules convert silicon layers on top of the wafer to silicon 
area can be any area defining points in the placement and dioxide , for ion implantation where dopant impurities are 
routing grid for a circuit design ( e.g. the area defined by the introduced into a semiconductor using a patterned electrical 
designer input comprises an irregular shape that is not a 30 field , or for diffusion where bombardment - induced lattice 
Manhattan ball . ) defects are annealed . Thus , in various embodiments , sys 

In some embodiment , regardless of the definition of the tems and operations include not only computing devices for 
initial placement area , the extended movement area is gen- generating updated circuit design files , but also hardware 
erated by splitting the area defined by the designer input into systems for fabricating masks , controlling IC fabrication 
a first part in an original position and a second part and a 35 hardware , and the hardware and operations for fabricating a 
second part in an original position , shifting a first part to a circuit from a circuit design ( e.g. , component arrangement ) 
new position in the expansion direction , and connecting the generated in accordance with various embodiments 
first part of the area in the new position with the second part described herein . 
in the original position . In some such embodiments , the new In addition to the operations of method 500 above , it will 
position of the first part is extended to encompass a closest 40 be apparent that other embodiments are possible within the 
point of the set of positions for a set of data path connection scope of the described innovations . For example , one 
points associated with the data routing lines . In some embodiment includes a memory configured to store a circuit 
embodiments , the new position of the first part is extended design , the circuit design comprising a clock path for a clock 
to encompass an average point of the set of positions for a tree , a data path , at least a first clock gate coupled to the 
set of data path connection points associated with the data 45 clock path and the data path , and an initial placement 
routing lines . position for the first clock gate , along with one or more 

In some embodiments , analyzing the one or more place- processors coupled to the memory and configured to per 
ment positions comprises calculating a total wirelength for form operations for clock gate placement with data path 
the clock routing lines and the data routing lines for each awareness . Such operations can include identifying an initial 
position of the one or more placement positions and then 50 movement area for analyzing an impact of adjusting the 
selecting the first placement position based on a shortest initial placement position for the first clock gate to an 
wirelength for said each of the one or more placement updated placement position within the initial movement area 
positions . In any embodiment , after clock placement is on a total wirelength for clock routing lines from the first 
selected for any number of clock gates in a circuit design , the clock gate to the clock path and data routing lines from the 
operations can include generating an updated circuit design 55 first clock gate to the data path , identifying a set of positions 
using the first placement position for the first clock gate and for a set of data path connection points associated with the 
storing the updated circuit design in the memory ( e.g. data routing lines , identifying an expansion direction from 
memory 730 ) . the initial placement position toward the set of positions for 

In some embodiments , the operations proceed after opera- the set of data path connection points , analyzing a set of 
tion 514 or any such operations above with generating or 60 placement positions comprising at least a first placement 
initiating generation of a set of masks from the updated position outside the initial movement area , wherein a loca 
circuit design for use in generating an integrated circuit tion of the first placement position is based on the expansion 
comprising the updated circuit design . The component direction , and selecting the first placement position for the 
arrangement defined and generated in the above operations first clock gate based on the analyzing the set of placement 
may then be used to fabricate ( e.g. , generate ) or initiate 65 positions . 
generation of an integrated circuit using the component Another embodiment can include operations for identify 
arrangement . In various embodiments , various devices , sys- ing an initial movement area for analyzing an impact of 



5 

US 10,885,250 B1 
11 12 

adjusting the initial placement position for the first clock according to embodiments described herein , using various 
gate to an updated placement position within the initial modules within software architecture 602. For example , in 
movement area on a total wirelength for clock routing lines one embodiment , an EDA computing device similar to 
from the first clock gate to the clock path and data routing machine 700 includes memory 730 and one or more pro 
lines from the first clock gate to the data path , identifying a cessors 710. The processors 710 implement a clock tree 
set of positions for a set of data path connection points synthesis module 642 to improve routing tree synthesis in 
associated with the data routing lines , and using these some embodiments . The processors 710 also implement 
positions in considering clock gate placement . This consid- additional EDA module ( s ) 644 to implement various circuit 
eration can include identifying an expansion direction from design operations . The design is finalized by an output 
the initial placement position toward the set of positions for 10 module 646 if the criteria / design thresholds are met . 
the set of data path connection points , expanding the initial In some embodiments , processor - implemented output 
movement area toward the expansion direction , using the module 646 may then be used to update a display of I / O 
one or more hardware processors , to generate an extended components 750 of the EDA computing device with data 
movement area , and analyzing one or more placement associated with the updated routing tree generated by the 
positions in the extended movement area . Selection of a first 15 process . 
placement position for the first clock gate is then based on In various other embodiments , rather than being imple 
the analyzing the one or more placement positions . mented as modules of one or more applications 610 , some 

Additionally , it will be apparent that any apparatus or or all of modules 642 , 644 , and 646 may be implemented 
operations described herein in accordance with various using elements of libraries 606 or operating system 604 . 
embodiments may be structured with intervening , repeated , 20 In various implementations , the operating system 604 
or other elements while still remaining within the scope of manages hardware resources and provides common ser 
the contemplated embodiments . Some embodiments may vices . The operating system 604 includes , for example , a 
include multiple receivers , along with any other circuit kernel 620 , services 622 , and drivers 624. The kernel 620 
elements . Some embodiments may function with described acts as an abstraction layer between the hardware and the 
operating modes as well as other operating modes . The 25 other software layers , consistent with some embodiments . 
various embodiments described herein are thus presented as For example , the kernel 620 provides memory management , 
examples , and do not exhaustively describe every possible processor management ( e.g. , scheduling ) , component man 
implementation in accordance with the possible embodi- agement , networking , and security settings , among other 
ments . functionality . The services 622 can provide other common 
FIG . 6 is a block diagram 600 illustrating an example of 30 services for the other software layers . The drivers 624 are 

a software architecture 602 that may be operating on an responsible for controlling or interfacing with the underlying 
EDA computer and used with methods for clock gate hardware , according to some embodiments . For instance , the 
placement with data path awareness , according to drivers 624 can include display drivers , signal processing 
example embodiments . Software architecture 602 can be drivers to optimize modeling computation , memory drivers , 
used as an electronic design automation computing device to 35 serial communication drivers ( e.g. , Universal Serial Bus 
implement any of the methods described above . Aspects of ( USB ) drivers ) , WI - FI® drivers , audio drivers , power man 
software architecture 602 may , in various embodiments , be agement drivers , and so forth . 
used to store circuit designs and execute timing analysis or In some embodiments , the libraries 606 provide a low 
optimization in an EDA environment to generate circuit level common infrastructure utilized by the applications 
designs , with physical devices generated using these circuit 40 610. The libraries 606 can include system libraries 630 such 
designs . as libraries of multi - instance blocks for use in an EDA 

FIG . 6 non - limiting example of a software architecture environment or other libraries that can provide functions 
602 , and it will be appreciated that many other architectures such as memory allocation functions , string manipulation 
can be implemented to facilitate the functionality described functions , mathematic functions , and the like . In addition , 
herein . In various embodiments , the software architecture 45 the libraries 606 can include API libraries 632 such as media 
602 is implemented by hardware such as machine 700 that libraries ( e.g. , libraries to support presentation and manipu 
includes processors 710 , memory 730 , and input / output lation of various media formats such as Moving Picture 
( 1/0 ) components 750. In this example , the software archi- Experts Group - 4 ( MPEG4 ) , Advanced Video Coding ( H.264 
tecture 602 can be conceptualized as a stack of layers where or AVC ) , Moving Picture Experts Group Layer - 3 ( MP3 ) , 
each layer may provide a particular functionality . For 50 Advanced Audio Coding ( AAC ) , Adaptive Multi - Rate 
example , the software architecture 602 includes layers such ( AMR ) audio codec , Joint Photographic Experts Group 
as an operating system 604 , libraries 606 , frameworks 608 , ( JPEG or JPG ) , or Portable Network Graphics ( PNG ) ) , 
and applications 610. Operationally , the applications 610 graphics libraries ( e.g. , an OpenGL framework used to 
invoke application programming interface ( API ) calls 612 render in two dimensions ( 2D ) and three dimensions ( 3D ) in 
through the software stack and receive messages 614 in 55 a graphic content on a display ) , database libraries ( e.g. , 
response to the API calls 612 , consistent with some embodi- SQLite to provide various relational database functions ) , 
ments . In various embodiments , any client device , server web libraries ( e.g. , WebKit to provide web browsing func 
computer of a server system , or any other device described tionality ) , and the like . The libraries 606 may also include 
herein may operate using elements of software architecture other libraries 634 . 
602. An EDA computing device described herein may 60 The software frameworks 608 provide a high - level com 
additionally be implemented using aspects of the software mon infrastructure that can be utilized by the applications 
architecture 602 , with the architecture 602 adapted for 610 , according to some embodiments . For example , the 
operating to perform clock synthesis and modification of software frameworks 608 provide various graphic user inter 
clock gate placement using data path awareness in accor- face ( GUI ) functions , high - level resource management , 
dance with embodiments herein . 65 high - level location services , and so forth . The software 

In one embodiment , an EDA application of applications frameworks 608 can provide a broad spectrum of other APIs 
610 performs routing tree generation and / or adjustments , that can be utilized by the applications 610 , some of which 

some 
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may be specific to a particular operating system 604 or ingly , the described hardware modules can be regarded as 
platform . In various embodiments , the systems , methods , being communicatively coupled . Where multiple hardware 
devices , and instructions described herein may use various modules exist contemporaneously , communications can be 
files , macros , libraries , and other elements of an EDA design achieved through signal transmission ( e.g. , over appropriate 
environment to implement analysis described herein . This 5 circuits and buses ) between or among two or more of the 
includes analysis of input design files for an integrated hardware modules . In embodiments in which multiple hard 
circuit design , along with any element for routing tree ware modules are configured or instantiated at different 
synthesis , testing , and design updating that may be used as times , communications between such hardware modules 
part of or along with the embodiments described herein . may be achieved , for example , through the storage and 
While netlist files , library files , SDC files and viewdefinition 10 retrieval of information in memory structures to which the 
files are examples that may operate within a software multiple hardware modules have access . For example , one 
architecture 602 , it will be apparent that other files and hardware module performs an operation and stores the 
structures may provide a similar function , in various output of that operation in a memory device to which it is 
embodiments . communicatively coupled . A further hardware module can 

Certain embodiments are described herein as including 15 then , at a later time , access the memory device to retrieve 
logic or a number of components , modules , elements , or and process the stored output . Hardware modules can also 
mechanisms . Such modules can constitute either software initiate communications with input or output devices , and 
modules ( e.g. , code embodied on a machine - readable can operate on a resource ( e.g. , a collection of information ) . 
medium or in a transmission signal ) or hardware modules . A The various operations of example methods described 
“ hardware module ” is a tangible unit capable of performing 20 herein can be performed , at least partially , by one or more 
certain operations and can be configured or arranged in a processors that are temporarily configured ( e.g. , by soft 
certain physical manner . In various example embodiments , ware ) or permanently configured to perform the relevant 
one or more con puter systems ( e.g. , a standalone computer operations . Whether temporarily or permanently configured , 
system , a client computer system , or a server computer such processors constitute processor - implemented modules 
system ) or one or more hardware modules of a computer 25 that operate to perform one or more operations or functions 
system ( e.g. , a processor or a group of processors ) is described herein . As used herein , “ processor - implemented 
configured by software ( e.g. , an application or application module ” refers to a hardware module implemented using 
portion ) as a hardware module that operates to perform one or more processors . 
certain operations as described herein . Similarly , the methods described herein can be at least 

In some embodiments , a hardware module is imple- 30 partially processor - implemented , with a particular processor 
mented mechanically , electronically , or any suitable combi- or processors being an example of hardware . For example , 
nation thereof . For example , a hardware module can include at least some of the operations of a method can be performed 
dedicated circuitry or logic that is permanently configured to by one or more processors or processor - implemented mod 
perform certain operations . For example , a hardware module ules . Moreover , the one or more processors may also operate 
can be a special - purpose processor , such as a field - program- 35 to support performance of the relevant operations in a “ cloud 
mable gate array ( FPGA ) or an application specific inte- computing ” environment or as a “ software as a service ” 
grated circuit ( ASIC ) . A hardware module may also include ( SaaS ) . For example , at least some of the operations may be 
programmable logic or circuitry that is temporarily config- performed by a group of computers ( as examples of 
ured by software to perform certain operations . For example , machines 700 including processors 710 ) , with these opera 
a hardware module can include software encompassed 40 tions being accessible via a network ( e.g. , the Internet ) and 
within a general - purpose processor or other programmable via one or more appropriate interfaces ( e.g. , an API ) . In 
processor . It will be appreciated that the decision to imple- certain embodiments , for example , a client device may relay 
ment a hardware module mechanically , in dedicated and or operate in communication with cloud computing systems , 
permanently configured circuitry , or in temporarily config- and may store media content such as images or videos 
ured circuitry ( e.g. , configured by software ) can be driven by 45 generated by devices described herein in a cloud environ 
cost and time considerations . ment . 

Accordingly , the phrase " module ” should be understood The performance of certain of the operations may be 
to encompass a tangible entity , be that an entity that is distributed among the processors , not only residing within a 
physically constructed , permanently configured ( e.g. , hard- single machine 700 , but deployed across a number of 
wired ) , or temporarily configured ( e.g. , programmed ) to 50 machines 700. In some example embodiments , the proces 
operate in a certain manner or to perform certain operations sors 710 or processor - implemented modules are located in a 
described herein . Considering embodiments in which hard- single geographic location ( e.g. , within a home environment , 
ware modules are temporarily configured ( e.g. , pro- an office environment , or a server farm ) . In other example 
grammed ) , each of the hardware modules need not be embodiments , the processors 710 or processor - implemented 
configured or instantiated at any one instance in time . For 55 modules are distributed across a number of geographic 
example , where a hardware module comprises a general- locations . 
purpose processor configured by software to become a FIG . 7 is a diagrammatic representation of the machine 
special - purpose processor , the general - purpose processor 700 in the form of a computer system within which a set of 
may be configured as respectively different special - purpose instructions may be executed for causing the machine 700 to 
processors ( e.g. , comprising different hardware modules ) at 60 perform any one or more of the methodologies discussed 
different times . Software can accordingly configure a par- herein , according to an example embodiment . FIG . 7 shows 
ticular processor or processors , for example , to constitute a components of the machine 700 , which is , according to 
particular hardware module at one instance of time and to some embodiments , able to read instructions from a 
constitute a different hardware module at a different instance machine - readable medium ( e.g. , a machine - readable storage 
of time . 65 medium ) and perform any one or more of the methodologies 

Hardware modules can provide information to , and discussed herein . In some embodiments , the machine 700 
receive information from , other hardware modules . Accord- may operate with instructions 716 ( e.g. , software , a pro 
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gram , an application , an applet , an app , or other executable to store the instructions 716. The term " machine - readable 
code ) for causing the machine 700 to perform any one or medium ” shall also be taken to include any medium , or 
more of the methodologies discussed . In alternative embodi- combination of multiple media , that is capable of storing 
ments , the machine 700 operates as a standalone device or instructions ( e.g. , instructions 716 ) for execution by a 
can be coupled ( e.g. , networked ) to other machines . In a 5 machine ( e.g. , machine 700 ) , such that the instructions 716 , 
networked deployment , the machine 700 may operate in the when executed by one or more processors of the machine 
capacity of a server machine or client machine in a 700 ( e.g. , processors 710 ) , cause the machine 700 to perform 
server - client network environment , or as a peer machine in any one or more of the methodologies described herein . 
a peer - to - peer ( or distributed ) network environment . The Accordingly , a “ machine - readable medium ” refers to a 
machine 700 can comprise , but not be limited to , a server 10 single storage apparatus or device , as well as “ cloud - based ” 
computer , a client computer , a personal computer ( PC ) , a storage systems or storage networks that include multiple 
tablet computer , a laptop computer , a netbook , a set - top box storage apparatus or devices . The term “ machine - readable 
( STB ) , a personal digital assistant ( PDA ) , a media system , medium ” shall accordingly be taken to include , but not be 
a cellular telephone , a smart phone , a mobile device , or any limited to , one or more data repositories in the form of a 
machine capable of executing the instructions 716 , sequen- 15 solid - state memory ( e.g. , flash memory ) , an optical medium , 
tially or otherwise , that specify actions to be taken by the a magnetic medium , other non - volatile memory ( e.g. , eras 
machine 700. Further , while only a single machine 700 is able programmable read - only memory ( EPROM ) ) , or any 
illustrated , the term “ machine ” shall also be taken to include suitable combination thereof . The term " machine - readable 
a collection of machines 700 that individually or jointly medium ” specifically excludes non - statutory signals per se . 
execute the instructions 716 to perform any one or more of 20 The I / O components 750 include a wide variety of com 
the methodologies discussed herein . ponents to receive input , provide output , produce output , 

In various embodiments , the machine 700 comprises transmit information , exchange information , capture mea 
processors 710 , memory 730 , and I / O components 750 , surements , and so on . In general , it will be appreciated that 
which can be configured to communicate with each other via the I / O components 750 can include many other components 
a bus 702. In an example embodiment , the processors 710 25 that are not shown in FIG . 7. The I / O components 750 are 
( e.g. , a central processing unit ( CPU ) , a reduced instruction grouped according to functionality merely for simplifying 
set computing ( RISC ) processor , a complex instruction set the following discussion , and the grouping is in no way 
computing ( CISC ) processor , a graphics processing unit limiting . In various example embodiments , the I / O compo 
( GPU ) , a digital signal processor ( DSP ) , an ASIC , a radio- nents 750 include output components 752 and input com 
frequency integrated circuit ( RFIC ) , another processor , or 30 ponents 754. The output components 752 include visual 
any suitable combination thereof ) include , for example , a components ( e.g. , a display such as a plasma display panel 
processor 712 and a processor 714 that may execute the ( PDP ) , a light emitting diode ( LED ) display , a liquid crystal 
instructions 716. The term “ processor ” is intended to include display ( LCD ) , a projector , or a cathode ray tube ( CRT ) ) , 
multi - core processors 710 that may comprise two or more acoustic components ( e.g. , speakers ) , haptic components 
independent processors 712 , 714 ( also referred to as “ cores ” ) 35 ( e.g. , a vibratory motor ) , other signal generators , and so 
that can execute instructions 716 contemporaneously . forth . The input components 754 include alphanumeric input 
Although FIG . 7 shows multiple processors 710 , the components ( e.g. , a keyboard , a touch screen configured to 
machine 700 may include a single processor 712 with a receive alphanumeric input , a photo - optical keyboard , or 
single core , a single processor 712 with multiple cores ( e.g. , other alphanumeric input components ) , point - based input 
a multi - core processor 712 ) , multiple processors 710 with a 40 components ( e.g. , a mouse , a touchpad , a trackball , a joy 
single core , multiple processors 710 with multiples cores , or stick , a motion sensor , or other pointing instruments ) , tactile 
any combination thereof . input components ( e.g. , a physical button , a touch screen 

The memory 730 comprises a main memory 732 , a static that provides location and force of touches or touch gestures , 
memory 734 , and a storage unit 736 accessible to the or other tactile input components ) , audio input components 
processors 710 via the bus 702 , according to some embodi- 45 ( e.g. , a microphone ) , and the like . 
ments . The storage unit 736 can include a machine - readable In some embodiments , outputs from an EDA computing 
medium 738 on which are stored the instructions 716 device may include design documents , files for additional 
embodying any one or more of the methodologies or func- steps in a design flow 100 , or outputs for circuit fabrication . 
tions described herein . The instructions 716 can also reside , In various embodiments , outputs of a timing analysis are 
completely or at least partially , within the main memory 732 , 50 used to generate updates and changes to a circuit design , and 
within the static memory 734 , within at least one of the after a final closure of timing with all associated timing 
processors 710 ( e.g. , within the processor's cache memory ) , thresholds and design requirements met , circuit design out 
or any suitable combination thereof , during execution put files are used to generate masks and other physical 
thereof by the machine 700. Accordingly , in various embodi- outputs for generation of a circuit . As described herein , 
ments , the main memory 732 , the static memory 734 , and 55 “ requirements , ” " design elements , ” and other aspects of a 
the processors 710 are considered machine - readable media circuit design refer to selectable values that are set as part of 
738 . the design of a circuit . Such design requirements or elements 
As used herein , the term “ memory ” refers to a machine- may be adjusted by a system operator or circuit designer to 

readable medium 738 able to store data temporarily or suit the particular goals of a project or circuit that results 
permanently and may be taken to include , but not be limited 60 from the operations described herein . 
to , random - access memory ( RAM ) , read - only memory Communication can be implemented using a wide variety 
( ROM ) , buffer memory , flash memory , and cache memory . of technologies . The I / O components 750 may include 
While the machine - readable medium 738 is shown , in an communication components 764 operable to couple the 
example embodiment , to be a single medium , the term machine 700 to a network 780 or devices 770 via a coupling 
“ machine - readable medium ” should be taken to include a 65 782 and a coupling 772 , respectively . For example , the 
single medium or multiple media ( e.g. , a centralized or communication components 764 include a network interface 
distributed database , or associated caches and servers ) able component or another suitable device to interface with the 
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network 780. In further examples , communication compo- ments , various modifications and changes may be made to 
nents 764 include wired communication components , wire- these embodiments without departing from the broader 
less communication components , cellular communication scope of embodiments of the present disclosure . Such 
components , near field communication ( NFC ) components , embodiments of the inventive subject matter may be referred 
BLUETOOTH® components ( e.g. , BLUETOOTH® Low 5 to herein , individually or collectively , by the term " inven 
Energy ) , WI - FI® components , and other communication tion ” merely for convenience and without intending to components to provide communication via other modalities . voluntarily limit the scope of this application to any single 
The devices 770 may be another machine or any of a wide disclosure or inventive concept if more than one is , in fact , variety of peripheral devices ( e.g. , a peripheral device disclosed . coupled via a USB ) . The embodiments illustrated herein are described in suf Transmission Medium ficient detail to enable those skilled in the art to practice the In various example embodiments , one or more portions of 
the network 780 can be an ad hoc network , an intranet , an teachings disclosed . Other embodiments may be used and 
extranet , a virtual private network ( VPN ) , a local area derived therefrom , such that structural and logical substitu 
network ( LAN ) , a wireless LAN ( WLAN ) , a wide area 15 tions and changes may be made without departing from the 
network ( WAN ) , a wireless WAN ( WWAN ) , a metropolitan scope of this disclosure . The detailed description , therefore , 
area network ( MAN ) , the Internet , a portion of the Internet , is not to be taken in a limiting sense , and the scope of various 
a portion of the public switched telephone network ( PSTN ) , embodiments is defined only by the appended claims , along 
a plain old telephone service ( POTS ) network , a cellular with the full range of equivalents to which such claims are 
telephone network , a wireless network , a WI - FI® network , 20 entitled . 
another type of network , or a combination of two or more As used herein , the term “ or ” may be construed in either 
such networks . For example , the network 780 or a portion of an inclusive or exclusive sense . Moreover , plural instances 
the network 780 may include a wireless or cellular network , may be provided for resources , operations , or structures 
and the coupling 782 may be a Code Division Multiple described herein as a single instance . Additionally , bound 
Access ( CDMA ) connection , a Global System for Mobile 25 aries between various resources , operations , modules , 
communications ( GSM ) connection , or another type of engines , and data stores are somewhat arbitrary , and par 
cellular or wireless coupling . In this example , the coupling ticular operations are illustrated in a context of specific 
782 can implement any of a variety of types of data transfer illustrative configurations . Other allocations of functionality 
technology , such as Single Carrier Radio Transmission are envisioned and may fall within a scope of various 
Technology ( 1xRTT ) , Evolution - Data Optimized ( EVDO ) 30 embodiments of the present disclosure . In general , structures 
technology , General Packet Radio Service ( GPRS ) technol- and functionality presented as separate resources in the 
ogy , Enhanced Data rates for GSM Evolution ( EDGE ) example configurations may be implemented as a combined 
technology , third Generation Partnership Project ( 3GPP ) structure or resource . Similarly , structures and functionality 
including 36 , fourth generation wireless ( 46 ) networks , presented as a single resource may be implemented as 
Universal Mobile Telecommunications System ( UMTS ) , 35 separate resources . These and other variations , modifica 
High - speed Packet Access ( HSPA ) , Worldwide Interoper- tions , additions , and improvements fall within a scope of 
ability for Microwave Access ( WiMAX ) , Long Term Evo embodiments of the present disclosure as represented by the 
lution ( LTE ) standard , others defined by various standard- appended claims . The specification and drawings are , 
setting organizations , other long range protocols , or other accordingly , to be regarded in an illustrative rather than a 
data transfer technology . restrictive sense . 

Furthermore , the machine - readable medium 738 is non- The description above includes systems , methods , tech 
transitory ( in other words , not having any transitory signals ) niques , instruction sequences , and computing machine pro 
in that it does not embody a propagating signal . However , gram products that embody illustrative embodiments of the 
labeling the machine - readable medium 738 “ non - transitory " disclosure . In the description , for the purposes of explana 
should not be construed to mean that the medium 738 is 45 tion , numerous specific details are set forth in order to 
incapable of movement , the medium 738 should be consid- provide an understanding of various embodiments of the 
ered as being transportable from one physical location to inventive subject matter . It will be evident , however , to those 
another . Additionally , since the machine - readable medium skilled in the art , that embodiments of the inventive subject 
738 is tangible , the medium 738 may be considered to be a matter may be practiced without these specific details . In 
machine - readable device . 50 general , well - known instruction instances , protocols , struc 
Language tures , and techniques are not necessarily shown in detail . 

Throughout this specification , plural instances may imple 
ment components , operations , or structures described as a What is claimed is : 
single instance . Although individual operations of one or 1. A computer - implemented method comprising : 
more methods are illustrated and described as separate 55 accessing , by one or more hardware processors , a circuit 
operations , one or more of the individual operations may be design stored in memory , the circuit design comprising 
performed concurrently , and nothing requires that the opera- a clock path for a clock tree , a data path , at least a first 
tions be performed in the order illustrated . Structures and clock gate coupled to the clock path and the data path , 
functionality presented as separate components in example and an initial placement position for the first clock gate ; 
configurations may be implemented as a combined structure 60 identifying , using the one or more hardware processors , 
or component . Similarly , structures and functionality pre- an initial movement area for analyzing an impact of 
sented as a single component may be implemented as adjusting the initial placement position for the first 
separate components . These and other variations , modifica- clock gate to an updated placement position within the 
tions , additions , and improvements fall within the scope of initial movement area on a total wirelength for clock 
the subject matter herein . routing lines from the first clock gate to the clock path 

Although an overview of the inventive subject matter has and data routing lines from the first clock gate to the 
been described with reference to specific example embodi data path ; 
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identifying , using the one or more hardware processors , a 7. The method of claim 5 , wherein the expanding the 
set of positions for a set of data path connection points initial movement area toward the expansion direction gen 
associated with the data routing lines ; erate the extended movement area , comprises shifting a first 

identifying , using the one or more hardware processors , corner of the Manhattan ball in a horizontal direction and a 
an expansion direction from the initial placement posi- 5 second corner of the Manhattan ball in a vertical direction to 
tion toward the set of positions for the set of data path create the extended movement area as an updated area that 
connection points ; encompasses the average point . 

8. The method of claim 1 , wherein the initial movement expanding the initial movement area toward the expan 
sion direction , using the one or more hardware proces area is an area defined by a designer input . 

9. The method of claim 8 , where the extended movement sors , to generate an extended movement area ; area is generated by splitting the area defined by the designer analyzing , using the one or more hardware processors , input into a first part in an original position and a second part one or more placement positions in the extended move and a second part in an original position , shifting a first part ment area ; and to a new position in the expansion direction , and connecting selecting , using the one or more hardware processors , a 15 the first part of the area in the new position with the second first placement position for the first clock gate based on part in the original position . 
the analyzing the one or more placement positions . 10. The method of claim 9 , wherein the new position of 

2. The method of claim 1 , wherein the initial movement the first part is extended to encompass a closest point of the 
area is a Manhattan ball around the initial placement posi- set of positions for a set of data path connection points 
tion for a routing grid of the circuit design . 20 associated with the data routing lines . 

3. The method of claim 2 , wherein the Manhattan ball is 11. The method of claim 9 , wherein the new position of 
an area defined by a border with each point of the border the first part is extended to encompass an average point of 
located ten lengths from a central placement point of the the set of positions for a set of data path connection points 
initial placement position for the clock gate . associated with the data routing lines . 

4. The method of claim 3 , wherein the identifying the 25 12. The method of claim 9 , wherein the area defined by 
expansion direction from the initial placement position the designer input comprises an irregular shape that is not a 
toward the set of positions for the set of data path connection Manhattan ball . 
points comprising calculating an average position of the set 13. The method of claim 1 , wherein analyzing the one or 
of positions ; and more placement positions comprises calculating a total 

wherein the expanding the initial movement area toward 30 wirelength for the clock routing lines and the data routing 
the expansion direction to generate the extended move- lines for each position of the one or more placement posi 
ment area , comprises expanding the initial movement tions ; and 
area to include points in a placement grid of the circuit selecting the first placement position based on a shortest 
design closer to the average position than points of the wirelength for said each of the one or more placement 
initial movement area . positions . 

5. The method of claim 4 , wherein the Manhattan ball 14. The method of claim 13 further comprising : 
comprises four corners , each corner associated with a hori- generating an updated circuit design using the first place 
zontal position and a vertical position in the placement grid ment position for the first clock gate ; and 
of the circuit design . storing the updated circuit design in the memory . 

6. The method of claim 5 , wherein the expanding the 40 15. The method of claim 14 further comprising initiating 
initial movement area toward the expansion direction to fabrication of an integrated circuit using the updated circuit 
generate the extended movement area , comprises : design . 

identifying a first corner of the Manhattan ball closest to 16. A device comprising : 
the average position , a second corner and a third corner a memory configured to store a circuit design , the circuit 
of the Manhattan ball equidistant from the first corner 45 design comprising a clock path for a clock tree , a data 
on either side of the Manhattan ball , and a fourth corner path , at least a first clock gate coupled to the clock path 
opposite the first corner ; and the data path , and an initial placement position for 

identifying a first coordinate of the average position that the first clock gate ; 
is further away from the first corner in a first dimension one or more processors coupled to the memory and 
of the placement grid than a second coordinate of the 50 configured to perform operations comprising : 
average position in a second dimension ; and identifying an initial movement area for analyzing an 

generating the extended movement area using the second impact of adjusting the initial placement position for 
corner , the third corner , the fourth corner , a fifth point the first clock gate to an updated placement position 
with a first coordinate equal to a first coordinate of the within the initial movement area on a total wirelength 
average point and the second coordinate equal to a 55 for clock routing lines from the first clock gate to the 
second coordinate of the first corner , a sixth point with clock path and data routing lines from the first clock 
a second coordinate equal to a second coordinate of the gate to the data path ; 
second corner and a first coordinate determined by identifying a set of positions for a set of data path 
shifting a first coordinate of a second corner by an connection points associated with the data routing 
amount equal to a difference between the first coordi- 60 lines ; 
nate of the first corner and the first coordinate of the identifying an expansion direction from the initial place 
fifth corner , and a sixth corner with a second coordinate ment position toward the set of positions for the set of 
equal to a second coordinate of the third corner and a data path connection points ; 
first coordinate determined by shifting a first coordinate analyzing a set of placement positions comprising at least 
of a third corner by an amount equal to a difference 65 a first placement position outside the initial movement 
between the first coordinate of the first corner and the area , wherein a location of the first placement position 
first coordinate of the fifth corner . is based on the expansion direction ; and 
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selecting the first placement position for the first clock identifying an initial movement area for analyzing an 
gate based on the analyzing the set of placement impact of adjusting the initial placement position for 
positions . the first clock gate to an updated placement position 

17. The device of claim 16 , wherein the identifying the within the initial movement area on a total wirelength 
expansion direction from the initial placement position 5 for clock routing lines from the first clock gate to the 
toward the set of positions for the set of data path connection clock path and data routing lines from the first clock points comprising calculating an average position of the set gate to the data path ; of positions ; and 

wherein the expanding the initial movement area toward identifying a set of positions for a set of data path 
the expansion direction to generate the expanded move connection points associated with the data routing 
ment area , comprises expanding the initial movement lines ; 
area to include points in a placement grid of the circuit identifying an expansion direction from the initial place 
design closer to the average position than points of the ment position toward the set of positions for the set of 
initial movement area . data path connection points ; 

18. The device of claim 17 , wherein analyzing the one or expanding the initial movement area toward the expan more placement positions comprises calculating a total 15 sion direction to generate an extended movement area ; wirelength for the clock routing lines and the data routing 
lines for each position of the one or more placement posi analyzing one or more placement positions in the 
tions ; and extended movement area ; and 

selecting the first placement position based on a shortest selecting a first placement position for the first clock gate wirelength for said each of the one or more placement 20 based on the analyzing the one or more placement positions . positions . 19. A non - transitory computer - readable medium compris 
ing instructions that , when executed by one or more pro 20. The non - transitory computer readable medium of 
cessors of an electronic design automation ( EDA ) comput claim 19 , wherein the extended movement area is generated 

ing device , cause the device to perform operations 25 into a first part in the original position and a second part and by splitting the initial movement area in an original position 
comprising : 

accessing a circuit design stored in memory , the circuit a second part in the original position , shifting a first part to 
design comprising a clock path for a clock tree , a data a new position in the expansion direction , and connecting 
path , at least a first clock gate coupled to the clock path the first part of the area in the new position with the second 
and the data path , and an initial placement position for part in the original position . 
the first clock gate ; 


